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(54) Electric double layer capacitor and process for manufacturing tlie same 



(57) A plurality of polarizable electrodes, a laminate 
of a collector layer, a polarizable electrode layer of a 
porous sheet, and a carbon-based conductive material 
interposed therebetween, are disposed in a row 
an^angement, interposing separators between the polar- 
izable electrodes, and an electrolyte is packed between 
said polarizable electrodes and said separators; the 
cartjon-based conductive material penetrating into the 
voids in the polarizable electrode layers. A process is 
provided whereby the polarizat)le electrode is manufac- 
tured by applying a conductive material solution to the 
collector and/or polarizatsle electrode sheet surface, 
superposing the two. and then evaporating out the dis- 
persion medium of the conductive material solution. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to an electric double layer capacitor which employs polarizabie electrodes com- 
prising well-integrated polarizabie electrode and collector layers, and to a method for manufacturing such a capacitor. 

BACKGROUND OF THE INVENTION 

10 [O0O2] Conventional electric dout>le layer capacitors come in various types. Examples are coin and button types, in 
which the separator is interposed between the pair of electrodes, and this, together with the electrolyte, is sealed within 
a metal case, a sealing plate, and a gasket that insulates the two from each other; coil types, in which the electrodes 
and separator are coiled to produce an electric double layer capacitor unit, which is then placed in a metal case and 
impregnated with the electrolyte; and stacked types in which a plurality of rectangular electrodes and separators inter- 

15 posed between the electrodes are superposed in alternating fashion to produced an electrode laminate, a positive elec- 
trode lead is connected to the positive terminal and a negative electrode lead is connected to the negative terminal to 
produce a electric double layer capacitor unit, which is then placed in a metal case, impregnated with the electrolyte, 
and sealed. 

[0003] Electric double layer capacitors for use in power applications such as automobiles must possess energy den- 
so sities so as the achieve both high capacitance and low internal resistance, and must also exhibit high output densities. 
With the goal of meeting these requirements, research is being conducted into ways to produce thinner films and 
increase surface area so as to increase the opposing electrode area. It is also necessary for the electrodes to have inte- 
grated collectors. Mass production is a further requirement of electric double layer capacitor. 

[0004] The electrodes used in conventional electric double layer capacitors are ordinarily manufactured by (1) a proe- 
ms ess in which a mixture of paste or ink form containing the electrode material is applied to the collector by coating or 
other means, dried (solvent removal), and then calendered or the like, or (2) a process in which a sheet which will serve 
as the electrode material is first prepared, and this is then integrated with the collector using a calender roll or the like. 
The largest drawback of these methods is the questionable ability to produce good contact between the collector and 
the electrode material powder Techniques effective for producing an electric double layer capacitor having good con- 
30 tact between the collector and the electrode material and exhibiting low internal resistance include irKreasing the con- 
tact area and creating adequate interpenetration between the collector and the electrode material. 
[0005] Specific examples of processes falling under (1) are a method in which a paste consisting of activated carbon 
powder, a f luoropolymer. and methyl alcohol is coated onto an aluminum net which serves as the collector (Japanese 
Laid-Open Patent Application 4-162510); a method in which a slury prepared by adding an aqueous solution of car- 
3S boxymethyl cellulose to a mixed solution containing activated carbon powder, acetylene black, water, and methanol is 
applied to the roughened surface of aluminum foil serving as the collector (Japanese Laid-Open Patent Application 4- 
162510); and a method in which a mixture of polyvinyl pyrrolidone and an aqueous dispersion of polytetrafluoroethylene 
Is added as a binder to activated carbon powder and acetylene black, and this is applied to aluminum expanded metal 
which serves as the colleaor (US Patent 4.327,400). Specific examples of processes falling under (2) are a method in 
40 Which an electrode material sheet is prepared from activated cartx>n powder, a conductive agent, and polytetrafluor- 
oethylene used as binder to bind, the electrode material sheet Is superposed on a collector consisting of a metal foil 
with a surface roughened by etching, an expanded metal, or other material, and is then fed through a calender roll to 
produce a thin electrode (Japanese Patent Publication 54-12620). 

[00O6] Since the electrode material is actually a powder aggregate, its surface may be imagined as having extremely 
45 tiny peaks and valleys. Accordingly, contact between the collector surfece and the electrode surfetce occurs in a point- 
contact configuration. Where the surface of the metal foil sennng as the collector has been roughened, the increased 
surface area reduces the internal resistance of the electric double layer capacitor. 

[0007] However, contact area cannot be considered to reach adequate levels, even where the collector surface has 
been roughened. The bonding strength between the electrode material sheet and the collector is not adequate to with- 
50 stand the feed tension and winding during continuous production of electrodes in roll form, and contact tends to weaken 
over time. 

[0008] In a collector consisting of expanded metal or the like provided with openings, contact is improved by causing 
the electrode material to penetrate into the openings provided in the collector. However, increasing the opening size to 
facilitate penetration has the effect of reducing strength and reducing the unit cross section of the collector, thereby 
55 increasing resistance of the collector. Thus, the effect in reducing the internal resistance of the electric doutile layer 
capacitor is less than anticipated. 

[0009] The present invention was developed with the foregoing in view, and is intended to provide an electric double 
layer capacitor exhibiting low internal resistance, provided with polarizabie electrodes in which the collector and the 
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electrode material are securely integrated in such as way as to produce adequate bonding strength and good contact. 
SUMMARY OF THE INVENTION 

[001 0] The electric double layer capacitor which pertains to the present invention is an electric double layer capacitor 
provided virith a pluralrty of polarizable electrodes disposed in a row anangement, a collector layer laminated to a polar- 
izable electrode layer that Is fabricated from a porous sheet consisting principally of activated carbon; a separator being 
interposed between said polarizable electrodes; and an electrolyte being packed between said polarizable electrodes 
and said separator; characterized in that a cattion-based conductive material is interposed while laminating said collec- 
tor layer and said polarizable electrode layer; and said caitoon-based conductive material penetrates into the voids in 
said polarizable electrode layer. Preferably, the polarizable electrodes disposed in a row arrangement, excepting the 
two terminal members thereof, include a cartwn-based conductive material interposed at both faces of the collector 
layer while laminating the polarizable electrode layers thereto, and the carbon-based conductive material penetrates 
into the voids of the polarizable electrode layers. 

[DD1 1 ] Preferably, the porosity of the polarizable electrode layer is 40 to 90%. and the maximum pore size is 0.5 to 20 
nm. The collector layer preferably consists of at least one type of metal selected from the group consisting of aluminum, 
stainless steel, titanium, and tantalum, and taking the form of a foil, plate, sheet, expanded, punched, or mesh. The car- 
bon-based conductive material preferably consists of a conductive material and a binder. The conductive material is 
preferably graphite or carbon black. The graphite or carbon black preferably has an average particle size of 0.5 to 50 
urn. The binder preferably consists of at least one selected from the group consisting of thermoplastic resins, cellulose 
derivatives, and water glass. . . 

[001 2] The method for manufacturing an electric double layer capacitor which pertains to the present invention is char- 
acterized by comprising a step in which a carbon-based conductive material solution prepared by dispersing a carbon- 
based conductive material in a dispersion medium is applied to the polarizable electrode material sheet and/or collector 
surface; a step in which said polarizable electrode material sheet and said collector are laminated to produced a lami- 
nate sheet in which said carbon-based conductive material solution is interspersed: and a step in which the dispersion 
medium is removed from said carbon-based conductive material solution layer in said laminate sheet. 

DESCRIPTION OF THE DRAWINGS 

[001 3] The operation of the present invention should become apparent from the following description when consid- 
ered in conjunction with tiie accompanying drawings, in which: 

Figure 1 is an illustration of polarizable electrode constitution in an embodiment of the present invention. 

Figure 2 is a simplified illustration of electric double layer capacitor single unit constitution in an embodiment of the 
present invention. 

Figure 3 is a simplified illustration of the constitution of an electric double layer capacitor of the present invention 
employing the unit depicted in Rg. 2. 

Figure 4 is a schematic diagram of an embodiment of a process for maWng the present irwention. 
Rgure 5 is a schematic diagram of another embodiment of a process for making the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0014] First, the polarizable electrode employed in the electi-ic double layer capacitor which pertains to the present 
invention will be described. 

[001 5] The electric double layer capacitor employed in tiie present invention is characterized by a collector layer tiiat 
is laminated on each side to a polarizable electrode layer fabricated from a porous sheet consisting principally of acti- 
vated carbon, and a separator being interposed between two or more of such collector-electrode assemblies, where an 
adhesive carbon-based conductive material is disposed between the polarizable electrode layers and the collector and 
penetrates into the voids in the polarizable electrode layer. 

[001 6] The porous sheet which constitutes the polarizable elertrode layer is produced by combining activated carbon 
powder with suitable cartDon black, polytetrafluoroetiiylene, or otiier powdw. adding ettianol. oil. or the like to the mix- 
ture, and then subjecting the product to roll calendering or otiier process. 

[00171 The porous sheet which constitutes the polarizable electrode layer has porosity ranging from 40-90%. and 
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preferably 60-80%. Where the porosity is below 40%, the carbon-based conductive material does not readily penetrate 
into the voids of the polarizable electrode layer. Above 90%, the carbon-based conductive material tends to penetrate 
depthwise far into the pores of the polarizable electrode layer, with the result that the carbon-based conductive material 
does not readily stay at the collector-polarizable electrode interface, and the activated cartwn pore interiors become 

5 covered by the cartx>n-based conductive material. Capacitor function is impaired as a result. The diameter of the largest 
pores (maximum pore size) should be 0.5-20 iivn. Where the maximum pore size is smaller than 0.5 nm, the carbon- 
based conductive material does not readily penetrate into the voids of the polarizable electrode layer. Where it exceeds 
20 (im, the carbon-based conductive material tends to penetrate depthwise far into the pores of the polarizable elec- 
trode layer, with the result that the carbon-based conductive material does not readily stay at the collector-the polariz- 

10 able electrode interlace, and the activated carbon pore interiors become covered by the carbon-based conductive 
material. Capacitor function is impaired as a result. 

[0018] The collector layer preferably consists of a metal such as aluminum, stainless steel, titanium, and tantalum. 
The metal preferably takes the form of a foil, plate, sheet, expanded, punched, or mesh; a foil is especially prefen-ed. 
[001 9] The carbon-based conductive material which is interposed between the polarizable electrode layer and the 

15 collector layer has the function of providing electrical connection between collector surfaces on the one hand and the 
outside and inside surfaces of polarizable electrode layer on the other, as well as a bonding function. In particular, on 
the polarizable electrode layer side, the carbon-based conductive material penetrates into the pores in the polarizable 
electrode layer, creating an anchoring effect which improves both bonding strength and conductivity. Accordingly, suffi- 
cient electrical connection is provided between the polarizable electrode layer and the collector layer, thereby obviating 

20 the need for a process to increase the collector contact area or to provide openings for adequate interpenetration of the 
collector and the electrode material. 

[0020] The carbon-based conductive material consists of graphite, carbon black, or other conductive material com- 
bined with a binder. Examples of binders are water glass; the sodium salt or ammonium salt of cartx>xymethyl cellulose, 
or other cellulose derivative; and polyvinyl alcohol, polyvinyl butyral, polyvinyl acetate, polybis(polybutene), or other 

25 thermoplastic resin. 

[0021] The graphite or carbon black conductive material preferably has an average particle size of 0.5 to 50 \im. 
Where the average particle size is greater than 50 \im. the carbon-beised conductive material does not readily penetrate 
into the voids of the polarizable electrode layer. Where it is smaller than 0.5 tim, the cartmn-based conductive material 
tends to penetrate depthwise far into the pores of the polarizable electrode layer, with the result that the carbon-based 
30 conductive material does not readily stay at the collector-polarizeible electrode interface, and the activated carbon par- 
ticles become covered by the carbon-based conductive material. The activated cartxxi pore interiors are thus inacces- 
sible, and capacitor function is inpaired as a result. 

[0022] The carbon-based conductive material present in the voids of the polarizable electrode layer should fill up 
0.5%-10%. and preferably 1%-5%. of the total void volume in the polarizable electrode layer. Amounts below 0.5% pro- 

35 duce a collector layer-polarizable electrode surface contact configuration in which the space other than the points of 
contact of the powder of the polarizable electrode with the metal fbil of the collector layer is not adequately filled in. mak- 
ing it difficult to improve contact area through increased surface contact. Conversely, amounts exceeding 10%. while 
improving surface contact, can result in activated carbon pore interiors becoming covered by the cartx)n-based conduc- 
tive material, impairing capacitor function as a result. 

40 [0023] The carbon-based conductive material should penetrate 0.15 to 30 %. preferably 0.25 to 15% of the thickness 
of ttie polarizable electrode layer as determined by scanning electron microscopy. 

[0024] A polarizatjie electrode having the constitution described atx>ve can be manufactured by a process like the 
following. 

[0025] First, a carbon-based conductive material solution prepared by dispersing the carbon-based conductive mate- 
4S rial in a dispersion medium is applied to the surface of the sheet which constitutes the polarizable electrode layer (here- 
inafter termed "polarizable electrode material sheet"), to the collector surface, or to both. 

[0026] Here, water, a lower alcohol, or the like can be used as the dispersion medium for preparing the cartion-based 
conductive material solution. The conductive material concentration is preferably 20-30 »rt%. The use of a cartaon- 
based conductive material solution having a composition similar to those given in Table 1 is preferred. Favorable results 
so are obtained by selecting an appropriate compusition and using it in concentrations that may be further diluted in 
announts ranging from 1/1 to 1/30 (and hence up to 30 times as much applied). 
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20-30 wt% 


4-16 wt% 
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natural graphite (3 
fim) 

25-30 wt% 


methyl cellulose 
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isopropyl alcohol 
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3 


natural graphite (3 
urn) 

25-30 wt% 


polyvinyl alcohol 
5~20 wt% 


isopropyl alcohol 
45-75 wt% 
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natural graphite (3 
Hm) 

25-30 wt% 


polyvinyl butyral 
5-20 wt% 


isopropyl alcohol 
45-75 wt% 




25 
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natural graphite (3 
|im) 

25-30 wt% 


polyvinyl acetal 
5-20 wtVo 


isopropyl alcohol 
45-75 wt% 
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natural graphite (3 


polybis(polybutylene) 


isopropyl alcohol 




30 
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25-30 wt% 


5-20 wt% 


45-75 wt% 
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natural graphite (3 


acrylic resin-siyrene 


water 


ammonia 
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20-30 wt% 
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50-75 wt% 


several wt% 
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natural graphite (3 


water glass 


water 




40 




Hm) 

25-30 wt% 


5-20 wt% 
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natural graphite (60 
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20-30 wt% 
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[0027] The carbon-based conducive material solution can be applied to the lamination face of either the polarizaUe 
55 electrode material sheet or the collector, or applied to both. The preferred method is to apply the solution to at least the 
lamination face of the collector. The polarizable electrode material sheet is actually a powder aggregate, and peaks and 
valleys are present over the entire surface of the polarizable electrode material sheet. Thus, by interposing the cartjon- 
based conductive material between the polarizable electrode layer and the collective layer, it is possible to fill in the 
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space other than the points of contact of the powder of the polarizable electrode with the collector, thereby improving 
contact to the point that it approximates planar contact. However, if the caibon-based conductive material solution is 
applied to an electrode surface, the cartaon-based conductive material solution penetrates into the polarizable electrode 
material sheet so that a sufficient amount of carbon-based conductive material solution does not rennain on the surface 

5 of the polarizable electrode material sheet, making it difficult to fill in the space other than the points of contact of the 
powder of the polarizable electrode with the collector From a productivity standpoint as well, it is preferably to apply the 
solution to the collector, which has a higher degree of strength than the polarizable electrode material sheet. 
[0028] The polarizable electrode material sheet and the collector are then superposed such that the applied carbon- 
based conductive material solution lies between them, producing a laminate sheet. Various lamination processes are 

70 possible. The materials can be simply stacked, but it is preferable to compress them through passage between rolls or 
other means In order to produce reliable adhesion at the lamination Internee. 

[00291 Next, the laminate sheet so obtained is subjected to a procedure to remove the dispersion medium from the 
carbon-based conductive material solution layer. Various methods of removal are possible: the preferred method is to 

remove the dispersion medium through hot air drying. The hot air temperature should be selected so as to approximate 
15 the boiling point of the dispersion medium. Removing the dispersion medium through drying or other process results in 
the formation of a caibon-based conductive material consisting of the binder and the conductive material; this tias the 
effect of bonding the collector layer and the polarizable electrode layer together. 

[0030] The foregoing discussion described an embodiment in which a single polarizable electrode material sheet and 
a single collector are laminated. Lamination of a polarizable electrode material sheet to each side of the collector would 
so be performed analogously. For example, a process in which a polarizable electrode material sheet is laminated to one 
side of the collector, and another polarizable electrode material sheet is laminated to the other side of the collector 
using an analogous procedure, or a single-step lamination process in which one polarizable electrode material sheet is 
laminated each side of the collector, could be used. 

[0031] Polarizable electrodes so obtained are disposed in opposing pairs while interposing a separator between the 
25 polarizable electrodes, producing a single unit. The electrolyte is injected, and the assemtily is sealed within a container 
to produce the electric double layer capacitor which pertains to the present invention. An electric double layer capacitor 
can alternatively be produced by disposing a plurality of polarizable electrode/separator units in an row arrangement, 
injecting the electrolyte, and sealing the assembly within a container. In such an arrangement, it is not necessary to use 
the polarizable electrode which pertains to the present invention for the polarizable electrodes located at the two ends 
30 of the row of polarizable electrodes. That is, it is only necessary]to use the polarizable electrode which pertains to the 
present invention, wherein the polarizable electrode layers are laminated to both sides of the collector layer while 
imposing a carbon-based conductive material such that the carbon-based conductive material penetrates into the pores 
of the polarizable electrode layers, where a polarizable electrode Is to be disposed next to another polarizable electrode 
with a separator placed between them. 

35 

Examples 

[0032] The present invention will t>e desaibed in further detail below through working examples. 
40 Example 1 

[0033] A polarizable electrode assembly was made as follows, with reference to Figure 4: 

[0034] To a mixture consisting of 85 wt% activated cartxin powder (specific surface area 2200 mVg; average particle 
size 7 microns). 7 wt% kitchen black, and 8 wt% polytetrafluoroethylene was added ethanol as a lubricant. Subse- 
ts quently. the materials were mixed together, ram-extruded into sheet form and calendered to produce a sheet 1 of polar- 
izable electrode material 10 cm wide and 0.8 mm thick. The sheet had a pore volume of66% and 18 maximum pore 
size (measured according to ASTM-E-128-61 using the ethanol bubble point). 
[0035] High-purity aluminum foil 50 microns thick and 1 5 cm wide was used for the collector 2. 
[0036] A layer 3 of an electrically-conductive adhesive material solution. 30 wt% natural graphite (average particle 
50 size 3 ^m) as the conductive material. 8 wt% cart)oxymethyl cellulose Na salt as the birxier, 60 wt% water, and 2 wt% 
ammonia was coated on one surfece of the collector sheet 2 by passage through coating rolls 21 , 22. After applying the 
conductive material solution, the aforementioned continuous polarizable electrode material sheet was superposed onto 
the coated portions of the high-purity aluminum foil collector, and the assembly was passed through compression rolls 
23,24 to produce a 3-layer laminated sheet in which a portion of the electrically-conductive adhesive solution 3 was 
55 forced into the pores of the surface region of the sheet 1 and form a layer on the surface of sheet 1 to form a bond to 
the collector sheet 2. This procedure of coating with conductive material solution and applying the polarizable electrode 
was then repeated for the opposite side of collector 2. In an alternative method, txith sides of collector 2 may be coated 
simultaneously as depicted in Fig. 5. 
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[0037] The lantinate sheet was then fed into a continuous hot air drier (drying temperature set to 11 CC) at a speed 
such that the residence time was three minutes, thereby removing the dispersion medium form the conductive material 
solution. This procedure afforded a polarizable electrode sheet having the constitution depicted in Fig. 1. The sheet 
comprised polarizable electrode sheet layers 1 adhesive-laminated to both sides of the collector layer through the inter- 
5 posed carbon-based conductive material 3. The cartjon-based conductive material 3 penetrated irrto the pores in the 
polarizable electrode sheet layers 1. 

[0038] The electrically-conductive adhesive material solution was present in an amount of 20 g / square meter and 
the thickness of the electrically-conductive adhesive material was about 10 microns (excluding the amount that pene- 
trated into the polarizable electrode) 

10 [0039] The sheet was punched into 1 0 cm squares to produce polarizable electrodes 4 of sheet form. As shown in 
Fig. 2. a pair of polarizable electrodes 4 was disposed in opposing fashion, interposing a separator 5. A collector termi- 
nal 9 (2 cm X 4 cm) and a collector lead 7 were attached to the collector layer 2 of one of the polarizable electrodes 4. 
and collector terminal 9' (2 cm x 4 cm) and a collector lead T were attached to the collector layer 2 of the other polar- 
izable electrode 4, producing a single unit 

15 [0040] Next, as shown in Fig. 3. polarizable electrodes and separators were disposed in a row to produce a total of 
1 3 units. This assembly was vacuum dried for three hours at 200*'C and then placed in an aluminum case 6. The posi- 
tive terminal, negative terminal, and lid 12 were attached. An electrolyte 10 consisting of a 1 molar concentration tetra- 
ethylammonium tetrafluoroborate propylene carbonate solution was injected and the case 6 vwas sealed to produce a 
square electric double layer capacitor. 

so 

Example 2 

[0041] A square electric double layer capacitor was produced following the procedure of Working Example 1 , with the 
exception that the caibon-based conductive material solution consisted of 30 wt% acetylene black (average particle 
25 size 40 \im). 8 carboxymethyl cellulose Na salt. 60 water, and 2 wt% ammonia. 

Comparaitive Example 1 

[0042] A square electric doiisle layer capacitor was produced following the procedure of Wbrking Example 1 . with the 
30 exception that the carbon-based conductive material solution consisted of 30 wt% natural graphite (average particle 
size 60 urn). 8 wrt% carboxymethyl cellulose Na salt, 60 wt% water, and 2 wt% ammonia. 

[0043] In the polarizable electrodes in this electric double layer capacitor, the natural graphite particle size was larger 
than the polarizable electrode sheet pore size (and due to the particle size distribution, more of such large particles 
were present), and as a result the material did not penetrate sufficiently into the voids of the polarizable electrode lay- 
35 ers. 

Comparative Example 2 

[0044] A square electric double layer capacitor was produced fotlowing the procedure of Working Example 1 . with the 
40 exception that the sheet constituting the polarizable electrode layers was 1 0 cm wide and 0.8 mm thick, and exhibited 
66% porosity and 30 \srr\ maximum pore size. 

[0045] In the polarizable electrodes in this electric double layer capacitor, the polarizable electrode sheet pore size 
was too large relative to the carbon-based conductive material particle size; the catbon-based conductive material thus 
penetrated far into the voids, with the result that only a small amount of the cariaon-based conductive material stayed at 
45 the collector-polarizable electrode contact interface. 

Comparative Example 3 

[0O46] A square electric doi&le layer capacitor was produced following the procedure of Working Example 1 , with the 
50 exception that high-purity aluminum foil having a roughened metal foil surface was employed as the collector, and the 
laminate sheet was pr^ared by roll-calendering conducted so as to form the polarizable electrode layers directly on 
both sides thereof without interposing a cartun-based conductive material. 

Comparative Example 4 

65 

[0047] A square electric double layer capacitor was produced following the procedure of Working Example 1 , wrth the 
exception that high-purity aluminum expanded metal (dimensions 1.0 mm SW (short width), 2.0 mm LW flong width). 
St (strand width) 0.23 mm. t (original thickness) 80 microns) was employed as the collector, and the laminate sheet was 
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prepared by roll-calendering conducted so as to form the polarlzable electrode layers directly on both sides thereof with- 
out interposing a cartjon-based conductive material.. 

[0048] The capacitance and internal resistance of the electric double layer capacitors prepared in Working Examples 
1 and 2 and Comparative Examples 1 through 4 were measured on double layer capacitor assemblies of the type 
described in connection with Fig. 3. The capacitance was determined by discharging at the current of 1 mA / square 
centimeter from 2.5 V to 0 V. The Internal resistance was obtained by measuring the irrpedance at 100 kHertz. Results 
are given in Table 2. 



Table 2 





Polarizable electrode 


Characteristics 




Max. pore size 
in polarizable 
electrode 
layer (fim) 


Conductive 
material pore 
size dim) 


Internal resist- 
ance (mn) 


Capacitance (F) 


Volume 


Capacitance per 
unit of volume 
(F/cc) 


Working Ex. 1 


18 


7 


16 


4300 


460 


9.3 


Working Ex. 1 


18 


40 


16 


4300 


460 


9.3 


Compar. Ex 1 


18 


60 


19 


4300 


460 


9.3 


Compar. Ex 2 


30 


7 


19 


4210 


460 


9.2 


Compar. Ex 3 






19 


4300 


460 


9.3 


Compar. Ex 4 






23 


4300 


460 


9.3 



[0049] As may be seen from Table 2, the electric double layer capacitor which pertains to the present invention pro- 
vides an electric double layer capacitor that exhibits low internal resistance. In contrast electric double layer capacitors 
employing either polarizable electrodes having no interspersed carbon-based conductive material (Comparative Exam- 
ples 3 and 4) or polarizat)le electrodes in which the cartwn-based conductive material either does not adequately pen- 
etrate Into the voids in the polarizable electrode layers, or does not remain in sufficient quantities at the polarizable 
electrode layer-collector layer interface (Comparative Examples 1 and 2) exhibit high internal resistance and low capac- 
itance. 

[0050] The electric double layer capacitor which pertains to the present invention provides both high capacitance per 
unit of volume and low internal resistance. According to the method of the present invention the polarizable electrode 
can be manutactured as a continuous sheet, thereby affording excellent productivity. 

[0051] Without intending to limit the scope of the present invention, the following exarrples illustrate how the present 

invention may be made and used: 

[0052] While particular embodiments of the present invention have been illustrated and described herein, the present 
invention should not be limited to such illustrations and descriptions. It should be apparent that changes and modifica- 
tions may be incorporated arvi emtxxJIed as part of the present invention within the scope of the following claims. 

Claims 

1 . An electric dout)le layer capacitor provided with a plurality of polarizat>le electrodes disposed in a row arrangement; 
a collector layer laminated to a polarizable electrode layer that is fabricated from a porous sheet consisting princi- 
pally of activated carbon; a separator being interposed between said polarizable electrodes; and an electrolyte 
being packed between said polarizatile electrodes and said separator; 

wherein said electric double layer capacitor is characterized in that a carbon-based conductive material is inter- 
posed while laminating said collector layer and said polarizable electrode layer; and said carbon-based conductive 
material penetrates into the voids in said polarizable electrode layer. 

2. An electric double layer capacitor as defined in Claim 1. wherein said polarizable electrodes disposed in a row 
arrangement, excepting the two terminal members thereof, include a carbon-based conductive material that is 
interposed at both faces of the collector layer while laminating said polarizable electrode layers thereto: and said 
cartx>n-based conductive material penetrates into the voids of said polarizable electrode layers. 

3. An electric double layer capacitor as defined in Claim 1 or 2, wherein the porosity of said polarizable electrode layer 
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is 40 to 90%. and the maximum pore size is 0.5 to 20 nm. 

4. An electric double layer capacitor as defined In any of Claims 1 througfi 3, wherein said collector layer consists of 
at least one type of metal selected from the group consisting of aluminum, stainless steel, titanium, and tantalum, 
and taking the form of a foil, plate, sheet, expanded, punched, or mesh. 

5. An electric double layer capacitor as defined in any of Claims 1 through 4, wherein said cartwn-based conductive 
material consists of a conductive material and a binder. 

6. An electric double layer capacitor as defined in Claim 5, wherein said conducive material is graphite or carbon 
black. 

7. An electric double layer capacitor as defined in Claim 6, wherein said graphite or carbon black has an average par- 
ticle size of 0.5 to 50 \an. 

8. An electric double layer capacitor as defined in Claims 5 through 7, wherein said binder consists of at least one 
material selected from the group consisting of thernfioplastic resins, cellulose derivatives, and water glass. 

9. A method for manufacturing an electric double layer capacitor, characterized by comprising 



a step in which a catbon-based conductive material solution prepared by dispersing a carbon-based conduc- 
tive material in a dispersion medium is applied to the polarizaWe electrode material sheet and/or collector sur- 

a step in which said polarizaWe electrode material sheet and said collector are laminated to produce a laminate 
25 sheet in which said cartxjn-ljased conductive material solution is interspersed; and 

a step in which the dispersion medium is removed from said catbon-based conductive material solution layer 
in said laminate sheet. 



30 



35 



40 



45 



SO 



SS 



BNSDOCID: <EP. 



.091716BA2_I_> 



EP 0 917 166 A2 




EP 0 917 166 A2 



Fig. 3 




BNSOaCia <Ef> P91716aA2_L> 



11 



EP 0 917 166 A2 




RM??nnr;irv <pp 



12 



EP 0 917 166 A2 




BNSCXXIO: <EP q91716eA2_l_> 



13 



(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(88) Date of publication A3: 

09.02.2005 Bulletin 2005/06 

(43) Date of publication A2: 

19.05.1999 Bulletin 1999/20 

(21) Application number: 98117930.2 

(22) Date of filing: 22.09.1998 



(11) EP 0 917 166 A3 

EUROPEAN PATENT APPLICATION 

(51) lntCI.7: H01G 9/155 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV IVIK RO SI 

(30) Priority: 22.09.1997 JP 25712197 

(71) Applicant: JAPAN GORE-TEX, INC. 
Setagaya-ku Tokyo-To 156 (JP) 



(72) Inventors: 

• Mushlake, Naofumi 
Taniguchi Dal-3-Manslon 501 
Okayama-Ken 703 (JP) 

• Inoue, Koshi 
Okayama-Ken 714-12 (JP) 

(74) Representative: Kador & Partner 
Corneliusstrasse 15 
80469 MUnclien (OE) 



(54) Electric double layer capacitor and process for manufacturing the same 



(57) A plurality of polarizable electrodes, a laminate 
of a collector layer, a polarizable electrode layer of a po- 
rous stieet, and a carbon-based conductive material in- 
terposed therebetween, are disposed in a row arrange- 
ment, interposing separators between the polarizable 
electrodes, and an electrolyte is packed between said 
polarizable electrodes and said separators; the carbon- 



based conductive material penetrating into the voids in 
the polarizable electrode layers. A process is provided 
whereby the polarizable electrode is manufactured by 
applying a conductive material solution to the collector 
and/or polarizable electrode sheet surface, superposing 
the two, and then evaporating out the dispersion medi- 
um of the conductive material solution. 
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